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Abstract
This experiment tests the proposed crash system of the CityCar. The car is to fold during
the crash to help decrease the impact force experienced by the passengers. The experiment was
conducted by running a simulation of the car crashing into a wall compared to that of a rigid car
with no folding, and by building a one-fifth scale wooden model of the CityCar, running it into a
wall, and measuring the force upon impact. The simulation was ran at 20mph, 50mph, and
80mph, with weight ratios between the front and back of the car respectively of 1:1, 1:2, 1:3, 2:1,
and 3:1, as well as three variations in the damping of the folding process. Both experiments
show that the folding car experienced lower forces than the rigid car. The variations done in the
simulation suggest that a back heavy car with considerable damping is best, but these results
were a bit inconsistent and unclear and, therefore, will be tested more completely in the future.
Results suggest that folding during a crash provides significant help, but this experiment only
provides preliminary feedback useful for future analysis of the CityCar.
Thesis Supervisor: William Mitchell
Title: Professor of Media Arts and Science
Introduction
Figure 1: CityCar concept
Recently, society has started to push toward a cleaner environment. This has sparked
many new ideas and innovations for more solutions to the environmental problems that currently
exist. One major contribution to pollution is by the cars we drive every day. Some solutions to
this problem have been in hybrid cars, which use gas and electricity, and electric cars.
Companies have also started to make cars smaller to address this problem, as the lighter vehicles
are usually more fuel efficient. An example of this trend is the SmartforTwo car, a small,
compact car with low emissions of carbon dioxide. The car, built for urban transportation, has a
smaller footprint than most cars, making it easier to maneuver in urban settings and easier to
park.
The need for more ecological products gives rise to a new idea: the CityCar. The CityCar
is an innovative concept vehicle being developed at MIT that utilizes some of the established
ideas of environmentally friendly vehicles. The car is smaller than the average and runs solely
on an electric platform. Like the SmartforTwo car, it is built for urban environments, thus, its
small size makes it easier to navigate through the city. The end goal of the CityCar team is to
have multiple CityCar stations in metropolitan areas to provide for convenient and efficient
mobility on demand. Pedestrians will then be able to rent out a CityCar from one of these
locations to use and return it to the station, or even to a different station. This is a similar set up
to the Zip Car program, where members are able to expeditiously rent a vehicle from any
location; nevertheless, the CityCar mobility on demand program allows the user to engage in a
more dynamic one-way sharing program similar to the Velib bicycle sharing program in Paris.
This set up, paired with environmentally friendly vehicles, could prove to substantially lower
vehicle pollution and congestion.
Although smaller, lighter vehicles help address concerns of pollution and congestion, it
creates an issue with passenger safety. While smaller cars prove to be more efficient, bigger cars
prove to be safer. Since the car will be significantly smaller, it needs to be uniquely engineered
to meet safety standards. Most cars rely on an excess of material in the front in crashes. The
deformation of the material during a crash provides deceleration for the passenger during the
crash, which takes away from the initial impact. The CityCar does not have this extra material in
the front, so the front impact on the car during a crash is the biggest concern. This problem will
be explored through research of crash parameters and statistics of existing cars, and by utilizing
the design of the CityCar to incorporate specific factors that will make the car crash worthy.
City Car Design and Architecture
The design of the CityCar is very unique. It exploits its full electric power train to
incorporate a highly modular platform in which all drive components (motors, steering,
suspension) are packaged local to the wheels. This modular platform gives design flexibility to
the vehicle for new features, such as the ability to fold and reduced its parked footprint in half.
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Figure 2: Profile of CityCar folding
This makes the vehicle more compact for storing purposes, given that the goal is to set up
multiple cars for use in different cities. Because the car also utilizes in-wheel motors with no
engine in the front, this allows for a distinctively large cabin, giving passengers more room
without compromising the small frame of the vehicle. Probably the most innovative design
specification of the CityCar is that it does not contain a dashboard or steering column. The car
uses a drive-by-wire system, where the passenger uses joysticks to steer the vehicle.
For the crash analysis in this study, the design specifications that will play a role are the
small front compartment of the vehicle and the folding capability of the vehicle. Given that the
front of the vehicle has less material than the average car, the front of the CityCar will have to be
tougher than that of the common car. This is necessary to save the integrity of the cabin and
protect the passengers. This means that the front panel of the CityCar is designed for minimal
deformation. This assumption will be made for the purposes of the analysis in this experiment.
The folding mechanism is also a factor for the CityCar during a crash. The front panel of
the car will be tough to prevent deformation, but this deformation helps to lessen the impact on
the passengers during crash in an ordinary car. To compensate for this missing element, the
CityCar will be designed to fold up upon impact in the event of a collision. Assumedly, some of
the impact will go into the dampened folding of the vehicle naturally. The specific dampening of
the folding process can be optimized through testing, given for a happy median between efficient
folding and crash assistance. The folding can help to provide the deceleration to the passenger
lacking from the compact front panel of the vehicle.
These are the factors tested in the experiments and crash analysis of the CityCar
prototype. This was done using a digital simulation of the CityCar crashing into a wall at varied
speeds, weight distributions, and fold damping coefficients, and by crashing a one-fifth scale
model into a wall. While the design specifications are all but finalized for the design of the
CityCar, the variation of these parameters for crash testing allows for alteration to the parameters
or even implication of new specs depending on the results of the testing. By running test both
virtually and empirically, we look to illustrate that we can utilize the CityCar's ability to fold to
provide for a dynamic crash structure - allowing us to decelerate the passengers at an acceptable
rate in a front impact scenario.
Precedence: Existing Crash Parameters and Statistics
Preventing fatalities from car collisions is of extreme importance. Since 1994, there has
been a yearly fatality rate of over 30,000 fatal crashes taking over 30,000 lives in the USA alone.
Of the car collisions that occur, approximately 60% of collisions are frontal collisions. Because
of the high amount of frontal collisions that occur, it is imperative that cars have many safety
features which guard the driver and passengers when experiencing a frontal car collision.
Studies have been conducted to measure the amount of force the human body can
withstand without sustaining serious damage. Colonel Stapp, in an effort to increase the G-force
limit imposed on air force pilots, underwent several tests on a rocket propelled sled. The track
mounted sled used multiple stage rockets and powerful water brakes to exert incredible amounts
of force on the passenger in a manner very similar to that of a car crash. As he withstood G
forces between 18G and 35G, his body started to get negatively affected. He withstood a
maximum force of 46.2G, in which he suffered a complete red out (blood rushed to his eyes and
broke capillaries and caused hemorrhaging) and was barely conscious. Large forces definitely
take their toll on the body, with extremely high forces causing death. According to the NHTSA,
experiencing 65G + of force on the body can result in death.
Figure 3: Image of Smart Fortwo frontal crash test. Crumple zone absorbs majority of energy in
collision.
Because the CityCar is of such compact size, it is best to study the crash data from other
miniature and compact cars and relate this to how the CityCar would perform, as opposed to
studying data from full size vehicles. The 2009 Honda Fit, weighing 2,546 lbs, received overall
good performance ratings for front, side, and rear tests; the 2007-09 Toyota Yaris, weighing
2,377 lbs, received a yellow rating for the head/neck injury rating and green ratings for the rest;
the Smart Car, weighing the least of the three at 1,797 lbs, received a yellow rating for head/neck
and leg/foot right injury measures, and a green rating for a chest and leg/foot left injury
measures. The ability to take these forces is mainly due to the crumple zone that is present in all
of these vehicles, coupled with the still substantial size of the vehicles. Data suggests that as the
size of the vehicle decreases, the level of safety present in the vehicle follows suit; for vehicles 1-
3 years old during 2006, mini-cars experienced 106 driver deaths per million registered vehicles
compared with 69 driver deaths in large cars. The data from the three smaller vehicles also
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support this data, as trends can already be noticed between the size of the car and the level of
safety present.
The CityCar lacks a crumple zone, so it must rely on its folding mechanism to absorb
some of the energy from the collision.
Figure 4: Normal vehicle utilizing on crumple zone in frontal collision, and CityCar utilizing
folding mechanism.
CityCar Crash Theory
The history of car crashes helps to give a foundation of general safety standards for
drivers, but in order to make the CityCar comparably safe, the theory involved in vehicular
collisions must be understood. Dynamics explain the physics of a car crash. Said physics are
then correlated to what the human body can withstand. These considerations gives the
precautionary methods that exist today, which mainly include car crumple zone, seat belts, and
air bags. There is no way to make cars completely safe in all scenarios, but today's measures
have been optimized fairly well, and, with smart and alert driving, can prevent vehicular
fatalities.
The dynamics of motion are broken down into three main factors: position, velocity, and
acceleration. The position is where an object as at a given point in time, where the velocity is
how fast that position is changing over time, and the acceleration is how fast that velocity is
changing over time. A car on the road will have a position, velocity, and acceleration at every
given point in time. More specifically, the car's velocity and acceleration are the significant
factors of the car's dynamics when approaching a collision. Upon collision, the mass of the car
adds another important parameter. During a collision, there is a transfer of momentum between
the car and its collider, where momentum is P = mv. Through the law of conservation of
momentum, we know momentum is conserved, so all the momentum of both objects must be
transferred during the collision. The conservation of momentum is what determines the effects
of a crash.
To expound, given that momentum must be conserved, we know that the total momentum
of a system at one state must equal that of any other state unless outside forces act on the system.
This gives: my total 1 = mvtotal2. What this tells us is that the effects of a crash are dependent
on the mass of the two objects and their velocities. This gives us the instantaneous dynamics of
a car during a collision. From here, we can determine the forces on the car and its acceleration
during the crash, as well as that of the driver. The worst scenario for a collision is a car crashing
into an immovable object, such as a wall. This would mean that all of the car's momentum is
transferred back into itself, leading to a drastic impact force and acceleration.
The dynamics experienced by the car are ultimately transferred to its occupants as well,
which is why it is so important to understand effects of a collision. A collision leads to a very
sudden change in speed and acceleration through momentum transference and impact force.
This impulse will also be felt by a driver. A human can be killed by an impulse if it is too strong.
A person cannot accelerate or decelerate too fast because it would kill them, so it is important for
a human to be able to withstand the forces and dynamic changes during a collision. To ensure
this, cars must be tested for certain crash safety standards, as discussed earlier.
Cars are tested by crashing them into walls. This allows for car dealers to make the car
as crash worthy as possible. In normal cars, its crash capability can be controlled through the
material properties of the car, and its size and mass. The material of the car would need to be
strong, but ductile and elastic, so that it can deform. The crumpling of the car's front panel
absorbs some of the force experienced by the car during a collision, so the material should be
optimized for this effect. This crumple zone is one method of making a car safer that most cars
have nowadays.
The crumple zone is the only way to lessen the dynamics of a car during a crash that is
presently known, so other factors that commonly keep passengers safe are seat belts and airbags.
Seatbelts stop the passengers from flying forward inside the car, possibly flying through the
windshield. The motion of the passenger during the collision would want to be kept at a
minimum to prevent the passenger from injury by being slammed into things inside the car.
Airbags are intended to slow down the momentum transferred to the passenger and provide
cushion upon impact.
Although crashes are often fatal for its victims, today's standards help to save the lives of
many more crash victims who survive. These standards must be met by normal cars, which rely
on the crumple zone, material properties, seat belts, and airbags to save the lives of its
passengers. The same must be done for the CityCar.
The theory behind a collision for the CityCar is a bit different from that of a normal car
due to its unique design. The CityCar has a very limited amount of material in its front panel for
deformation, so for safety purposes, it is best to design this material for little to no deformation.
This deformation is a dependent factor for collisions of normal cars. As presented before, it is
proposed that this lack of deformation be made up by the folding of the car during the collision.
A sensor will be placed on the front panel so that the folding mechanism unlocks before impact.
The CityCar will still have seatbelts and airbags are optional, so this is the only change.
To see why folding would be a suitable alternate method, we must look at the dynamics
during folding. We know about the impact forces and momentum changes during a collision
already. This effects act upon the crumple zone of the car, so the crumpling of the car takes
away from the overall force felt by the car as a whole. This works the same way for the folding
process. The initial impact will be translated into the folding of the car until the car has folded
completely, upon which the entire car will experience the remaining impact. Since the car is, in
a way, rotating about its own axis, it helps to absorb some of the transferred momentum as
rotational kinetic energy. Theoretically, the rotation would not prove to be dangerous for the
passenger and would not create a big impulse on the passenger or car, so it would result in the
dampening of the impact itself.
Not only will the rotational distance of the folding play apart, but so will the dampening
factor of the folding. In other words, part of the CityCar design will be to discover how much
force is required to fold the car. It is the same effect as putting a rotational damper on the car.
This rotational dampening would lead to more force absorption during a collision. This factor
has to be optimized because too little damp will make the car fold quickly and will not change
the impact too much, but too much damp will prevent the car from folding and translate the
momentum throughout the entire car. If the theory is correct, the folding mechanism paired with
the appropriate dampening constant will make CityCar crash worthy and safe to drive.
Digital Simulation: Experimental Setup
To test the CityCar crash theory, a 2-D physics modeler was used to simulate the CityCar
crashing into a wall. The program used is called Working Model. The experiment was setup by
drawing an object very similar to the shape of the CityCar. The car is created by creating the
front and back of the car as separate objects and connecting the two with a rod and a beam with
pin joints, so that the car can fold. A rod and beam were used to imitate the 4-bar linkage system
that the CityCar utilizes to fold. This was done for simplicity, yet remains a reliable test source.
Two cars were used to test: one that was rigid and could not fold, and the folding car. The
comparison of the two will help to show whether or not the folding of the car during a collision
makes a difference. The two cars were crashed into an immovable wall for testing. Each car
was tested at three speeds, 20mph, 50mph, and 80mph. The total mass of each car is the same at
1032kg, where the front and back total 1000kg and the wheels are 16kg each. Although the
CityCar concept is targeted for roughly 500kg, the digital simulation was done for comparison
purposes, so as long as the rigid car, used as a control, is the same as weight as the test car, the
comparative analysis should prove suitable.
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Figure 5: Screenshot of the CityCar digital simulation
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Figure 6: CityCar test car after colliding into the wall
Along with varied speed, the test car was tested with different weight ratios between the
front and back of the car and with different damping constants of the folding mechanism. This is
to not only test if the folding makes a difference, but to see which parameters impact the folding
effect on the collision impact. The front to back ratio was varied at 1:1, 1:2, 1:3, 2:1, and 3:1.
The dampening constant was varied with low damping, some damping, and high damping.
Inside of the front half of each car is a 100kg square with four springs attached to it from
the top, bottom, left, and right. This is to simulate the effects on a passenger inside a car. The
suspension of the square provides similar dynamics as that experienced by a passenger with a
seatbelt in a car. During each test on each car, the position, velocity, acceleration, and force in
the x-direction was measured for the front half of the car and for the square suspended inside the
car, denoted as the driver. The control car was only run at the three different speeds, while the
test car resulted in 45 different variations between weight ratio, speed, and damping constant.
The implications of the simulation come from comparing the 45 test car runs with the 3 control
car runs.
Several assumptions are made to validate this experiment. It is assumed that the physics
modeler provides accurate simulation of real world dynamics and phenomena, such as friction
and gravity. We also assume that the digital simulations of the crashes are imitative to that of
real life. Lastly, we assume that the effects experienced by that of the suspended square are
directly indicative to the effects experienced by a passenger.
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Figure 7: Profile of control car in simulation
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Figure 8: Profile of test car in simulation
Digital Simulation: Results
After several runs, the collected data, while varied and a bit inconsistent, had one
common outcome: the folding test cars proved to provide less impact on the car and driver than
the completely rigid control car, as seen in Tables 1, 2, and 3. Figures 9 and 10 show how
significant the difference between the control and test car is in most cases. Most runs of the test
car had decelerations around 75% that of the control car, for both the car and driver. The data
becomes more complicated when taking the varied weight ratios and damping constants into
consideration.
Table 1: Peak Accelerations at 20mph
Table 2: Peak Accelerations at 50mph
Table 3: Peak Accelerations at 80mph
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Figure 9: Car accelerations of control car and test car at 20mph
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Figure 10: Car accelerations of control car and test
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The results of the weight ratios were fairly consistent. For each run, both for the car and
the driver, the 1:1 ratio resulted in the median deceleration except for in the 20mph case, where
the 1:1 ratio was the lowest. The actual car had its highest deceleration in the 1:3 ratio, followed
by 1:2, 1:1, 2:1, and 3:1. In contrast, for the driver, the order is reversed, with 3:1 having the
highest and 1:3 having the lowest. This result varied a bit, but held true for the most part. This
trend becomes very visible when looking at the average peak accelerations of the three damping
levels for each weight ratio, as shown in Tables 1, 2, and 3. The charts show a clear pattern for
the car and driver, where the two are inversely related. The accelerations of the car follow a
concave down pattern with the given order of weight ratios, while the accelerations of the driver
follow a concave up pattern.
Average Accelerations at 20mph
400-
250 - -- - .,... . .. , . . . _
200 - ---.---- - - ECar
150 o Driver
10
control Ito 1 ito 2 1to 3 2to 1 3to 1
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For the different damping constants, the data appears very inconsistent. Figures 14, 15,
16, and 17 show the varied response for the different damping levels of a single run. As seen in
the figures, the majority of the runs have lower decelerations for high or some damping. This
trend is less prominent in the 20mph runs, but very clear in the 50mph and 80mph runs.
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Figure 14: Test car at three levels of damping, 2:1 weight ratio 80mph
Test car 80mph 2:1 - Driver
- - -m- - -- -~ ~-- - ---- - - - m - -- m2000
C
L _ m
Test Car 50mph 1:2 - Car
200
150............................... .............
100
50 
.............. 
.
0
0 2 6 8 10 12 14
-50 
-~ - . . . . .
Time (sec)
Figure 16: Test car at three levels of damping, 2:1 weight ratio 80mph
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Figure 15: Test car at three levels of damping, 2:1 weight ratio 80mph
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Figure 17: Test car at three levels of damping, 2:1 weight ratio 80mph
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Digital Simulation: Discussion and Conclusions
The data collected from digital simulation provides a great foundation for the CityCar
crash analysis. The general idea of the CityCar crash folding survives through the fact that all of
the tested folding cars showed better results than that of the rigid body. However, it is important
to analyze what the data means given the nature of the program, the experiment setup itself and
its correlation for real life cars and the CityCar prototype.
The safe result from the experiment comes from the comparison of the test cars to the
control car. The program itself cannot be treated as completely realistic due to the complications
of real world dynamics as well as some of the errors seen in the program. Inconsequently, each
test was done with the same discrepancies. Given that the physics modeler, in general, gives a
sense of what could happen in the real world, despite some errors, it is safe to rely on the
significant difference between all the test cars and the control car. This shows that, at least to
some extent, the folding of the car upon collision helps to control the impact to the car and its
passengers.
In contrast, the data from our varied cars is a little less trustworthy. For example, during
a real crash, a car would like slam into a wall and its rear would bounce up, with little horizontal
recoil. This would result in significant deformation of the car. In the simulation, the vehicle
does not deform and has completely rigid components. This could explain why the test cars
accelerate more with folding, even though the passenger deceleration is better. This makes it a
bit difficult to predict what the effect of the weight distributions would be. It is also difficult to
predict how the four bar linkage would fair in a crash, and how the damping would affect this.
The hope was that the simulation would provide some idea of how the variations would impact
the crash, but the data is too inconsistent to trust completely. The data would suggest that the car
should be back heavy with a considerable amount of damping in the folding process to lessen the
impact on the driver, but more testing and research must be done to support this. The contrasting
accelerations of the car alone would completely hinder any complete conclusion drawn from the
data.
Empirical Testing: Scaled Prototype Crash Analysis
1.1-Experimental Setup
For the physical experimental setup, a 1/5 scale wooden car was built to capture the
forces experienced in a head on collision. The car consisted of a four bar linkage attached to a
generic body with a bumper attached to the front. A bread board holding three separate force
sensors was attached to the top of the generic body (the approximate location of the passengers).
A cup was placed in the front and rear compartments of the generic body to allow for slight
variations in their respective weights.
Figure 18: 1/5 Scale Car
An oscilloscope was used to record the forces measured by the force sensors. An
umbilical cord was made to attach the wires on the bread board to the oscilloscope. Three
vibration sensors were used in total: a DT Series Piezo Sensor and two MiniSense 100 Vibration
Sensors, one in a horizontal configuration and the other in a vertical configuration. These
sensors act as cantilever beam accelerometers. Strain in the tip of the sensor creates a
piezoelectric response, which is detected as the voltage output across the electrodes in the sensor.
Figure 19: MiniSense 100 vibration sensors.
The physical experimental setup consists of a wooden ramp with plastic at the end of the
ramp to ensure a smooth transition for the car from a declined angle to a horizontal angle. The
wooden ramp was set at an angle of 18 degrees from the floor and 25" away from a wall. The
plastic runner extended from the ramp to the wall to minimize the disturbances the car felt during
the experimental runs.
Figure 20: Experimental Setup
1.2-Theory
In order to be able to complete several runs, the car had to be run at velocities that would
not greatly damage any components of the car, mainly the four bar linkage. Without the aid of a
device that applies a measured force to the vehicle at the beginning of every run, the best way to
perform several runs with the least deviation in the impact velocity is to release it at fixed points
on a ramp. The advantages of using a ramp are clear when examining the energy of the car in
the system. At the beginning of the run, the kinetic energy of the vehicle is zero, and the
potential energy of the vehicle is zero at the end of each run. Because of the relatively short
distance traveled by the vehicle, the friction experienced by the wheels of the vehicle can also be
neglected. With this, a simplified version of the conservation of energy equation can be used to
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calculate the impact velocity of the car, yielding a velocity of 4.73 mph when released from 24"
up the ramp, and 6.313 mph when released 48" up the ramp. The exact velocities do not matter
in this experiment, however; the main aim of the experiment is to crash the vehicle at
significantly different velocities to verify the sensors are working properly and to check for any
unexpected changes in behavior in the vehicle.
1.3-Analysis
To determine whether or not the 4 bar linkage has an actual effect on the forces felt in the
car by the passengers, several different parameters were varied: the car was released 24" and 48"
up the ramp (corresponding to heights of approximately 9" and 16" off of the ground,
respectively), the four bar linkage was ran while it was held fixed in a closed position, left loose
but not held open, and left loose with a 1.5" opening (wooden block was loosely placed in the 4
bar linkage to prevent from completely closing until collision), and the car was released at its
natural weight, with added weight in the front compartment, and with added weight in the back
compartment (weight added in each case was 1 lb 1.7 oz). Data was collected from three
separate runs for every combination of parameters.
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Figure 21: Raw data sample.
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For the two force sensors in the vertical position, the sensitivity of the DT Series sensor
was increased ten-fold to better capture the forces exerted on the car. The voltage outputs
measured from this sensor were not only larger than the other sensor, but were also less precise.
For our analysis, it was decided that the MiniSense 100 sensor probably had more accurate
voltage outputs, so while both sensors are analyzed, the weighted sensor will be referred to more.
The voltage outputs are in the form of underdamped sinusoidal waves, which corresponds
to the vibrations felt within the sensor (see Figure 5). The initial spike in the data was used as
the voltage output was recorded from every graph, and average from the three runs was used in
analyzing the behavior of the car. On the graphs, the purple line represented the output from the
DT Series sensor, the yellow line corresponded to the MiniSense 100 vertical sensor, and the
turquoise line corresponded to the MiniSense 100 horizontal sensor.
Figure 22: Graph of average voltage outputs from vertical DT Series sensor
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Figure 23: Graph of average voltage outputs from vertical MiniSense 100 sensor
Weighted Horizontal Sensor
Figure 24: Average voltage outputs from horizontal Minisense 100 sensor
The data measured by the oscilloscope from the two weighted force sensors did not vary
too much. The data read from the fixed four bar linkage runs averaged out higher than the non-
fixed data runs, and the averages from the runs with the car having a slightly opened four bar
linkage had larger forces than the runs with the unfixed closed four bar linkage. With the
differing weight distributions, adding weight to the rear compartment resulted in significant
increases in output voltage, but adding weight to the front compartment did not yield great
differences in the output voltage.
1.4-Discussion
The results from the data supports the theory of the folding mechanism decreasing the
force felt in the vehicle. The vertical sensors had voltage outputs that were for the most part
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higher for the fixed linkage case than for the open linkage cases. However, there were a couple
of unexpected results. The forces felt by the slightly open mechanism were actually greater than
the closed unfixed mechanism. When examining this, as well as the heavier back compartment
leading to an increase in the force felt, it may be possible that the back compartment impacts the
front compartment and contributes to the force. A possible reason for why adding the weight to
the back compartment had a much larger effect than adding it to the front is because of the
different weights of the front and back compartments. The front compartment of the 1/5 scale
model weighs 3 lbs 7.2 oz, while the back compartment weighs 2 lbs 5.25 oz, so adding the
weight in the back causes a 47.52% increase, while adding the weight to the front results in only
a 32% increase in weight. This also changes the back to front weight ratio of the car; it is
approximately 2:3 in its natural state, 1:1 when the weight is added to the back compartment, and
1:2 when the weight is added to the front compartment. Having a large increase in
Implications of Testing on Proposed Design
Overall, the simulated and empirical testing helps to provide a very simple, clear cut
conclusion: folding the CityCar during a crash will decrease the impact force. There are several
other factors that go into this process, some of which were considered in this project. The
simulation attempts to analyze how the weight distribution relates to the process, and how
damped the folding process should be. The empirical testing addresses how well the car would
crash in a real world crash, how easily it needs to be able to open, and how damped the process
should be as well.
Nevertheless, all that can be concluded from the data is that the folding helps. The
Working Model program is not realistic enough to account for all the factors that would be
present in the real world and the actual car. The empirical test was done with a wood car, so the
testing on that can only go so far. On the bright side, the testing provides a great view of what
needs to be considered next. One thing is how the folding process be initiated in the crash. Too
much force could compromise the folding action unless the car opens some before impact. This
will need to be tested. Along with this is to figure out how much the folding process needs to be
damped. In order for the folding to provide significant help, some damping would have to be in
place. The car cannot fold too easily, however, a car hard to fold would start to defeat the
purpose. Weight distribution should be considered as well. The digital testing suggests that the
weight ratio plays an important part, though this contribution may be unclear in the data. It will
also add to how the car deforms, and the impact felt from the completion of the folding.
All in all, the folding of the CityCar proves to be a promising idea. In comparison to
today's safety standards and crash parameters for existing vehicles, testing on the actual
prototype will need to be done to see if it can compete. The testing in this project provides as an
indication as to the whether or not the idea holds promise at all. Based on the results of the
digital simulations and the wooden model of the CityCar, the answer to this question will be yes.
Hopefully this document will provide as a good basis for future testing on the CityCar final
prototype in the event of a collision.
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